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Identification of LFA-1 as a
Candidate Autoantigen in
Treatment-Resistant Lyme Arthritis

Dawn M. Gross, Thomas Forsthuber, Magdalena Tary-Lehmann,
Carey Etling, Kouichi tto, Zoltan A. Nagy, jodle A. Field,
Allen C. Steere, Brigitte T. Huber

Treatment-resistant Lyme arthritis is assodated with immune reactivity to
outer surface proteln A {OspA) of Borella burgdoifer, the agent of Lyme
disease, and the major histocompatibility complex class It allele DRBT*0407.
The immunodominant epitope of OspA for T helper cells was identified. A
homology search revealed a peptide from human leukocyte function-assod-
ated antigen-1 (hLFA-1} as a candidate autoantigen. Individuals with treatment-
resistant Lyme arthritis, but not other forms of arthritis, generated responses
to OspA, hLFA-1, and their highty related peptide epitopes. identification of the
initiating bacterial antigen and a cross-reactive autoantigen may provide a
model for development of autoimmune disease.

Lyme disease is a multisystem iliness caused
by infection with the spirochete Borrelia
burgdorferi (1). A prominent late manifesta-
tion of the disease is Lyme arthritis ({, 2).
About 10% of patients with Lyme arthritis
develop what we have termed antibiotic treat-
ment—resistant Lyme arthritis, which typical-
ly affects one knee for months to years afier
multiple courses of antibiotics (/). Such pa-
tients have no detectable spirochetal DNA in
joint fluid after antibiotic therapy, which sug-
gests that the spirochete has been eliminated
by this treatment (3). Because there is in-
creased frequency of the HLA-DRBI*0401
allele in these paticnts (4), an autoimmune
ctiology should be considered. The hyper-
variable 3 region (HVR3) at residues 67 to 74
of DRBI*0401 is associated with susceptibil-
ity to rheumatoid arthritis (RA) and is con-
tained in at least 15 different DRBI alleles
(5). Most patients with prolonged treatment-
resistant Lyme arthritis have one of these
homologous alleles (4). What antigen arc
these class 11 molecules presenting?
Borrelia burgdorferi induces an immune
response of expanding reactivity to an armay
of spirochetal proteins over months to years
{6). Antibody reactivity to outer surface pro-
tein A (OspA) typically develops near the
beginning of prolonged episodes of arthritis
(7). T cell lines from patients with treatment-
resistant Lyme arthritis preferentialty recog-
nize OspA, compared with patients with
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treatment-responsive disease. OspA-reactive
type 1 T helper (T,,1) cells are detectable in
the synovial fluid of individuals with treat-
ment-resistant arthritis years after antibiotic
treatment (7). Thus, these patients may have
progressed into an autoimmune state by de-
veloping a cross-reactive response between
OspA and a scif-antigen.

We used the DRB1*0401 peptide-binding

algorithm (8) to determine the scores for all
nine-residue peptides in the OspA protein se-
quence that contained an appropriate pocket 1
anchor residue—F, L M, L, T, V, or Y—nec-
essary for binding in the DRB1*0401 peptide-
binding cleft. According to this algorithm, only
peptides with scores greater than 2 are likely to
bind and be able to be presented by the
DRB1*0401 molecule (8). The highest scoring
peptide that was identificd, OspA, ¢, |, had 3
predicted binding score of 6.5, and the next best
scoring peptide, OspA,,, .., schieved a
score of 3.7. To verify that thesc peptides
can bind 10 DRB1*0431 in vitro, the binding
of '**I-labeled mi-7 (YRAMATL,; predicted
DRB1*0401 binding score = 59), which
has the consensus binding motif for
DRB1*0401 (9), was measured when in
compctition with unlabeled 20-residue pep-
tides from OspA. Only OspA |, _,,;, Which
contains the DRB1*0401-predicted domi-
nant epitope OspA, ;s -y, inhibited bind-
ing of the radiolabeled peptide mi-7 to
purified DRB1*0401 (Table 1), confirming
the algorithm’s prediction.

To test for T cell reactivity in vivo, we made
usc of class I-deficient mice transgenic for 2
chimeric DRB1*040! molecule (DRB1*0401-
tg) (9). Any CD4* T cell response generated in
these mice can be directly attributed to the
presence of the DRBI*040]1 molecule. The
ElisaSpot assay was used for measuring anti-
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Fig. 1. IFN-y HlisaSpot analysis demonstrates OspA .. ., a5 the functional, immunodominant
epitope of OspA in DR4-tg mice. (A) Class fi-deficient, DRB1*0401-tg mice, immunized with whole
OspA, but not a control protein, recall whole OspA and OspA.,, .., spedfically. DRB1%0401-tg
mice were immunized in both hind footpads with either 50 i of OspA (44 pg/mi) or human spinal,
chord extract (hSCE; 100 png/mi) in complete Freund's adjuvant. Eight days later, draining popliteal
tymph nodes were isolated and 5 X 10° cells were cultured with either a positive control stimutant,
CD3 antibody, mAb 145.2C11, or one of the following test antigens: hSCE (50 ug/ml), OspA (10
ng/mi), overlapping OspA 20-mer peptides (10 pg/mi each), or medium alone. IFN-y production
was analyzed 24 hours later by ElisaSpot (70). Values frorn wells with medium alone were
subtracted from values from wells that contained antigen Antigens are listed as overlapping
20-mer peptides spanning OspA, beginning with amino add 17. Residues 1 to 17 contain the leader
sequence and are therefore deaved during export through the bacterial membrane. Representative
experiments of six OspA-immunized and two hSCE-immunized mice are shown. (B} DRB1°0101-tg
and (DRB1°0101-tg X SLJf, mice immunized with whole OspA recall OspA,¢;_,; as well as other
epitopes. In contrast to the DRB1*0401-tg mice, the DRB1*0101-tg mice express murine class It;
therefore, a broader array of OspA epitopes is recognized. Experiments were performed as
described above. One of three and one of two representative experiments are shown for
DRB170101-tg and {DRB1*0101-tg X SJF, mice, respectively.
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gen-specific T cell reactivity, a sensitive and
cﬁ'munwchmqwdmallawsdenwumofcy-
iokmcpto(hmonaﬂhcsmglcedllcvel,wheh
may occur in the absence of proliferation (10).
We initially assayed for production of Ty;1 and
T2 cytokines, interferon—y (IFN-y), and inter-
leukin-5 (IL-5), respectively. Both IFN-y-pro-
ducing and IL-5-producing cells were detected
when cells were activated with a potyclonal
stimules [anti-CD3; monocional antibody
{mAb) 1452C11}]. In contrast, when cells were
stimulated with OspA antigen, [FN-y produc-
tion was dominant, with essentially no detect-
able IL-5 secretion (/ /). Therefore, detection of
TFN~y was used as the readout for anfigen-
specific T cell reactivity in all subsequent as-
says. DRB1*0401-tg mice were immunized
with OspA and lymph node cells were stimu-
lated with overlapping 20-residue peptides of
OspA: the immunostimulatory epitopes corre-
lated precisely with the epitopes predicted by
thc DRB1*0401 algorithm (Fig. ‘1A). Immun-
ization of the DRB170401-tg micc with

OspA, 45 113 resulted in a recall response to .

whole OspA in vito (I1). Hence, we have
identified the immunodominant cpitope of
OspA in the context of DRB1*0401. To test the

Fig. 2. SF T cells from pa-
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ability of OspA ;¢ 1 to be presented by DRB/
alleles related to DRB1*0401 (), we per-
formed the same experiment in mice transgenic
for DRBI*0101 (/2). Thesc transgenic mice
possess a full complement of mwmine class [
genes, thereby providing distinct major his-
tocompatibility complex (MHC) afleles for
OspA peptide presentation. ElisaSpot analy-
ses of OspA-immunized DRB1*010itg or
(DRB1*010ttg X SJL)F, mice showed re-
activity to OSpA 4, ;5 38 well as 1o an amy
of other epitopes (Fig. 1B). In contrast to
DRBI*040i+4g mice, reactivity towsnd
OspA, .o .y develoned ss 3 suhdominant

epitope, suggesting that altemnative detcomi-
nants are available for binding that could influ-
ence discase development. Interestingly, the F,
mice had a response to OspA, ., 4 that was
three times the response of DRBI*0101g
mice. This is likely because of expression of the
murine I-E8* chain, which is homologous in the
HVR3 to DRB1*%0401 (3), thereby providing
twice the number of class I molecules for
presentation of this particular peptide. Thus, we
have identified the immunodominamt OspA
peptide in the context of
DRBI1*0401 and found that DRB1 and murine

tients with treatment-re-
sistant Lyme arthritis gen-
erate a response to hLFA-1,
{A) IFN-y HisaSpot analy-
sis of 3 X 10° SF T cells per
well, from patient 4, aul-
tured with each of the
overlapping OspA peptides
at 10 pg/mi, revealed
m««a“"“‘;‘f:pe (10,
15). Reactivity to whole
OspA was positive as de-
termined by proliferation

assay (medium, 2552 177
248 cpm; OspA, 24497
1772079cpm) (76). (B) SF

{FN-y spots per wsll
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class 11 alieles bomologous to DRB1%0401 in
their HVR3 can also present this epitope.
We searched the Genetics Computer

'Gmup gene bank for human proteins contain-

ing sequences homologous to OspA oy
Of the 20 peptides retrieved with the highest
identity and homology scores, two were of
bonman origin: hLFA-1 (CD11a/CD18, inte-
gin o, B.) and 408 ribosomal protein. Only
the peptide contained in hLFA-1, hLFA-
I, 535 3en Mttained a significant DR4-bind-
ing score (7.3), with six-amino acid identity
(YVIEGTSKQ; nonconserved residnes in

|ml|m\ cnmehna hIFA-] ag a notential au
a poten

ues au=

toanngm. The pq)hde contained within the
405 ribosomal protein sequence (YV-
LEGKELF) sttained a DR4-binding score of
0, mostly because of Lys at position p6,
which is not tolerated in the DR4-HVR3 (13).
The hLFA-la,,,, .., peptide is located ex-
traceliularly in the interactive or I-domain
that mediates the binding interaction between
LFA-1 and its ligand, intercetlular adhesion
molecule-1 (ICAM-1) (4). When the DR4-
binding algorithm was applied to the entire
I-domain (amino acids 170 to 349), hLFA-

16y 332340 achicved the highest predicted bind-
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T cells from patients with
treatment-resistant Ly

yme
arthritis, but not other forms of dwonic arthritis, produce tFN-y
in response ta in vitro restimulation with OspA and hifA-1. We
cultured 3 X 10° SF cells with either a pasitive control, (D3
antibody OKT3 or one of the following
test antigens: OspA (10 ug/mi), OspA, o (10 pg/mi),
hLFA-1 (70 ng/mi), or medium alone for 24 hours. Reactivity
was determined pa-(ormngmlFN-'yBxsaSpotassay Val-
ues from medium-alme from wells
oontamingmﬁgmsmofmdwdimﬂanmsrdaurgm
the purification process of hiFA-1, the molar concentration of
hLFA-Tusedmthsee:q)erﬁmmnst}neadusofmgmede
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hUFA-1 (11).Beauseofbn'dtzdmmbersofeeﬂs.camolsmt
tested for reactivity to OspA o, .oy Were 17,18, and
20; and, for hiFA-1, patients17md18.(€)Tmunuﬂ-«umLynnaﬂmuspaumt11 who ks homozygous for DRBT*0407, demonstrates SF T cell
reactivity to the 20-mer containi ﬂmeOspAhomologms,DRm’wm—deﬁneddominantepmopemﬁmdnel—domahhlﬂ-mu&,u,WeulnndBx
105 SF cells with hlFA-T0 550 .5 (25 IFN-y ElisaSpot assay was as described above. (D) Treatment-resistant Lyme arthritis patient 10,
who is hete fumM-asmmddhh(mm‘OlOZ)denumamSFTmﬂmmmymﬁmzo-mumﬂnmﬁn homologous,
DRB1*0401-defined dominant epitope within the I-domain, hiFA-1 eajtued3X10’Sch!swwd1eq:mIaanotmespAw gy NLFA-1,
and hiFA-1&, 3,0 34c lFN-quisaSpotasaywasperformedasds;m
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ing score (7.3), ncarly twice that of the next
bighest scoring peptide, MA'lauo,s-.zoa
(binding score = 4.3), and higher than that of
OspA, 5 175- We determined, by performing
the peptide binding competition assay [median
inhibitory concentration (IC,,,) = 0.7825 mM),

that hLFA-lax, 53, 1, @ 15-mer containing the
core residues 332 to 340, was capable of bind-
ing DRB1*0401 in vitro.

To test the hypothesis that hLFA-1 is an
autoantigen in patients with treatment-resis-
tant Lyme arthritis, but not in other forms of
chronic inflammatocy arthritis, we mapped
the immunodominant epitope of OspA in sy-
novial fluid (SF) cells from a patient (4) with
treatment-resistant Lyme arthrifis  (Fig.
2A) (10). As in the DRB1*0401-tg mouse,
OspA | o4 133 Was immunodominant. We then
analyzed the antigen reactivity profile of SF
T cells from patients with treatment-resistant
Lyme arthritis 35 well as paticnts with other
forms of chronic arthritis (15). ElisaSpot for
IFN-y production (/0) and proliferation as-
says (/6) showed that people in a panel con-
sisting of only thosc with treatinent-resistant
Lyme arthritis have varying degrees of SF T
cell reactivity to whole OspA, OspA, ., 43
as well as hLFA-1 (Fig. 2B). Reactivity to
bLFA-1 is due to recognition of hLFA-
It 356 343 the region homologous with
OSpA 4 4_1a; (Fig. 2, C and D). This reactiv-
ity appears to develop over time, as patients
who initially showed no response to hLFA-1
had marked reactivity when tested | to 3
months later (11).

Borrelia burgdorferi sensu stricto is the
only spirochgtal strain associated with treat-
ment-resistant Lyme arthritis (17) and the sole
strain that contains the OspA ¢, |, Sequence
that is highly related to hLFA-lat, 51, 340 Mu-
rine LFA-a differs significantly from hL.FA-]
at this particular epitope, providing an explana-
tion for why chronic Lyme arthritis does not
develop in DRB1*0401-4g mice exposed to 8.
burgdorferi (12).

Our demonstration of autoreactivity against
hL.FA-1 (in particular, the predicted cross-reac-
tive epitope) in patients with treatment-resistant
Lyme arthritis suggests that this disease in-
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volves an autoimmunc process. However, al-
though the genctic predisposition for develop-
ment of treatment-resistant Lyme arthritis has
been correlated with DR4, we cannot rule out
other genetic, environmental, and infectious
factors that might be involved. As mentioned
above, the HVR3 of the DRBI chains associ-
ated with RA possesses a shared cpitope at
residues 67 to 74 (5). Most paticnts with severe
RA carry at least one allele that contains the
shared epitope sequence of DRB1*0401,
henceforth referred 10 as an RA-associated al-
lele (5). Individuals who develop the most se-
vere form of RA typically have two RA-asso-
ciated alleles (/8). HLA typing of our panel of
11 treatment-resistant Lyme arthritis patients
revealed that 7 possessed at least one RA-
associated allele (15), and 9 made a response to
hLFA-I. Patient 11, who was bomaozygous for
DRB1%0401, respanded four times mare vigor-
ously to both OspA and hLFA-1 than the next
highest responder. In patients with other forms
of arthritis, the presence of an RA-associated
allele by itself was not sufficient for induction
of an OspA or hLFA-] response, as at least five
of the nine control patients possessed an RA-
associated allele (15) yet made no response to
OspA or hLFA-1. Thus, priming by B. burg-
dorferi infection or at least with OspA may be
required for development of an autoimmune
response to hLFA-1. Other factors may also be
involved in development of treatment-resistant
Lyme arthritis, as some treatment-resistant pa-
tients who do not possess an RA-associated
alicle make a response to hLFA-1 and some
paticnts with treatment-resistant Lyme arthritis
do not respond to either OspA or hLFA-1 (Fig.
B).

On the basis of cur DRB1*040]-restricted
OspA T ccll epitope mapping data, as well as
previous work on immune reactivity and cyto-
kine production in response to infection with B.
burgdorferi (7), we propose a model on how .
immyune reaction to B, burgdorferi might result
in development of an autoimmune respoase
against hLFA-1: B. burgdorferi coters the host
via a tick bite and disseminates to multiple
tissues. Months later, a highly inflammatory
immune response develops in the joint, and this

Table 1. Inhibition of m1-7 peptide binding to DRB1%0401 (75) by 20-residue peptides of OspA.

Nine-residue
. . Cs peptides with Dakalg:'rithﬂ\;nn scores for .
peptide (M) appropriate 91* P ""j:,”mdm m"’“"u:,"""
154-173 4381 161, 162, 165, 166 (-) 0.4, (-) 08, (+) 65, {-) 54
S4-73 >100 54, S5, 58, 61, 63 (=) 1, (=) 4%, {-) 63, {-) 28, () 09
74-93 >100 75,76, 79, 86 {—~) 66, (+} 11, (+) 24, (-) 19
124-143 >100 126, 132, 136, 137 (=) 47. (<) 43, (~) 33, (-) 24

W&gmmdmm%%mm:mmdmmm;m“dmwm

scores. OspA g 1ay WS not available for testing.

tThe number of potential DRB1°040 1-binding 9-residue peptides

contained within a 20-residuve sequence was determined by the presence of an appropriate p1 anchor residue (F, 1, L, M,

V,T,.orY). p1uuhotresidueammaddmﬁasmﬂmdfand\afﬂdmpe9tide.
gwithFLLMVT, mY(Q).Seuunhsl!d.rupewvdy for each 9-mer peptide

OspA nine-residk ides begl
oununedmlﬁnﬂvezo-merwdde

$Scores were calculated for

response is dominated by Ty 1 IFN-y-—produc-
ing cells that contain OspA reactive cells. We
propose that the high local concentration of
IFN-y up-regulates expression of ICAM-1 (/9)
on synoviocytes and synovial fibroblasts as
well as of MHC class I molecules on the Jocal
professional and noaprofessional antigen-pre-
senting cells (APCs) (/9). This enhanced
ICAM-1 expression leads to recruitment of
LFA-1 expressing cells, i particular activated
T,,1 cells. The combination of elevated LFA-1
expression oo T cells and macrophages plus
MHC class Il up-regulation on APCs may re-
sult in increased LFA-1 peptide presentation by
macrophages and synoviocytes that have pro-
cessed either endogenous or phagocytosed
LFA-1 (20). Hence, a vicious cycle is initiated
so that, even after elimination of the spirochetes
by antibiotic therapy, the OspA-primed T cells
remain activated by stimulation with LFA-1,
The release of inflammatory cytokines by these

activated T cells and macrophages may then
result in tissue damage and joint destruction
@n.
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with capture monodonal antibody to IFN-y (4
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gle’s medium containing 10% fetal calf serum.
Plates were washed at 24 hours and probad with a
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were detected with an anti-biotin alkaline phos-
phatase (AP) (mwrine EfisaSpot) or streptavidi

horseradish peroxidase (b ElisaSpot) with de-
tection erzyme reactions of either NBT/BCIP
(Pierce) or 3-amino-9-ethylcarbrole and NN-dI-
methylformamide (Piercs/Fisher), generating pur-
ple or red spots, respectively. Scores were deter-
mined by the Series | T-Spot image analyzer (Au-
toimmune Diagnostika) as the difference between
the number of spots produced with and without
antigen. OspA protein was a kind gift from B. Lade
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plates (Costar) at a density of 2 X 10° cells per 200
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Pioneer Axon Guidance by
UNC-129, a C. elegans TGF-§

Antonlo Colavita, Srikant Krishna, Hong Zheng,
Richard W. Padgett, Joseph G. Culott®

The unc-129 gene, like the unc-6 netrin gene, is required to guide pioneer
moatoraxons along the dorsoventral axs of Caenorhabdits elegans. unc-129
encodes a member of the transforming growth factor—p ( TGF-8) superfamity
of secreted signaling molecules and is expressed in dorsal, but not ventral, rows
of body wall musdes. Ectopic expression of UNC-129 from ventral body wall
musde disrupts growth cone and cell migrations that normally occur along the
dorsoventral axis. Thus, UNC-129 mediates expression of dorsoventral polarity
information required for axon guidance and guided cell migrations in C. elegans.

Axon guidance along the dorsoventral (DVV)
axis of animals of diverse phyla involves
secreted, laminin-related, UNC-6/netrin guid-
ance cues (/). The signaling pathways acti-
vated by these molecules require the UNC-5§
and UNCAU/DCC transmembrane receptor
families (2-4). In C. elegans, mutations in
unc-129 (5) cause defects in the dorsally
oricnted trajectories of motoraxons that re-
semble those present in wnc-5, unc-6, and
unc-40 mutants (3, 6).

A 65kb genomic subclone of cosmid
C53D6 was able to rescue the uncoordinated
phenotype of unc-129 mutants afier germliine
transformation (7, 8) (Fig. 1A). Sequence anal-
ysis by the C. eleguns genome-sequencing con-
sortium (¥) revealed a single open reading
frame on this fragment that encodes a protein
related to the TGF-8 superfamily. The corre-
sponding 1.5-kb cDNA (10) includes § exons,
34 base pairs (bp) of 5’ untranslated region
(UTR), and 28! bp of 3" UTR and is predicted
to encode a protein of 407 amino acids (Fig.
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IB). Northem (RNA) snalysis of wild-type
mRNA revealed a single transcript (17) consis-
tent with the size of the cDNA. The 6.5-kb
rescuing genomic fragment includes 3 kb of 5°
promoter sequence. A minigenc containing 4.5
kb of 5’ promoter sequence fused to the wnc-
129 cDNA was able 10 rescue the phenotype of
unc-129 nuants, indicating that there are no
essential regulatory elements in introns or the 3°
sequence (12).

UNC-129 shares features with the TGF-8
superfamily, including a signal sequence, a
prodomair, and a COOH-terminal region that

. contains seven conserved cysteines (I3). The

UNC-129 COOH-terminal sequence identity
ranges from 33% with human BMP-7 to 24%
with TGF-B2. Thus, unc-129 likely repre-
seuts & subfamily of the TGF-8 superfamily.
Sequence analysis revealed the absence of
residues in UNC-129 that would be expected
between the a-helical region and B sheet of
TGF-B molecules (Fig. 1C) (/4). This inter-
domain region forms a B turn with a protrud-
ing loop accessible to solvent. The three-
dimensional structures of TGF-$1 and TGF-
B2 differ at this site, which may promote their
differing receptor-binding affinities (/5). De-
letion of the loop in TGF-B1 abolishes certain
TGF-Bl-mediated responses (/6). Without
knowledge of the crystal structure of UNC-
129, it remains unclear whether the missing
residucs form the COOH-terminal end of the
long a-helix or affect receptor specificity.
In C. eleguns, TGFf signaling pathways
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SAFETY/EFFICACY CONCERNS RE: LYME VACCINE: LYMErix
Joel M. Shmukler, Esquire

Jmspaesq@aol.com .
Click here for Full Disclaimer

BACKGROUND:

Lyme disease is a multi-systemic infection caused by infection with the spirochetal bacteria,
Borrelia Burgdorderi. It is the most common vector borne illness in the United States. It is one of
the leading infectious diseases in the United States. The actual incidence of lyme disease is
unknown, but it is known that the reported statistics which are based on surveillance criteria,
underreports the actual incidence of the disease by excluding known cases which do not meet the
criteria. Surveillance criteria are used simply to get a sense of the rate of growth of an infection, not
the true incidence of it.

A recent study in NEJOM reported that doctors routinely fail to report even cases that meet the
surveillance criteria because of cumbersome reporting procedures and a distaste for paperwork.
That study estimated this underreporting would result in 10 times more cases being reported than
are currently reported. In addition, misdiagnosis of the disease is prevalent, increasing the impact of
underreporting by an unknown factor. Almost 100,000 cases have been reported to the CDC from
1982-1996. During that time the reported incidence of the disease increased by at least 32 fold!

The disease has been reported in almost all states, although certain regions of the country are
considered endemic, and some considered hyperendemic—there appear to be geographic clusters of
higher infection. Infection varies from state to state, and even within states from county to county.
While the surveillance of the disease leaves a great deal to be desired, two trends are clear—first, the
incidence of the disease is increasing rapidly; and, second, there appears to'be a spread of the
organism to new areas.

LYMErix is a first generation, recombinant OSPa based vaccine. It has a unique mode of action for
vaccines. It stimulates specific protective antibodies to be produced in the person vaccinated against
OSPa, immunogenicity (the process of triggering protective antibodies). However, OSPa is not
usually found in the human host, and it is thought that the bacteria changes its outer surface
(triggered by heat) when moving from the tick vector to the human, this is called "upregulation” and
"antigenic shifting."

So theoretically OSPa would not be a good candidate for a vaccine in humans, in whom OSPa is
not generally found or detectable. It is thought that the mechanism of action is that when a tick bites
an infected host and consumes a blood meal where the blood contains antibodies to OSPa that
these antibodies kill the bacteria in the midgut of the tick where OSPa is not only detectable, but the
dominant outer surface protein. Thus, the bacteria are killed before transmission occurs.
Theoretically.

I. EFFICACY ISSUES:

A. EFFICACY UNIMPRESSIVE/OVERSTATED:

The commercials (that we have all seen) for LYMERIx state that the vaccine, like all vaccines, may
not be 100% effective. That much is true. How effective is the vaccine? The commercial, the
literature and news reports have cited an 80% efficacy rate in preventing "definite" and
"aymptomatic" lyme disease. However, if you include the category of "possible" lyme disease as
well, the overall efficacy rate is 68%. If you include the category of "unconfirmed" lyme disease, in
which the vaccine has negative efficacy, or some percentage of those cases, the efficacy rate is even
lower, closer to 50%. The reported efficacy figures depend upon a semantic/definitional game—by
creating different categories of vaccinees for the statistics Smith Kline has hidden the overall poor
efficacy of this vaccine. The category of "unconfirmed" cases is the best example. The vaccine had
negative efficacy in these categories, and by excluding this category they have effectively artificially
inflated the efficacy numbers—-a disturbing number of people got sick with something but due to
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the absence of laboratory confirmation Smith Kline did not count any of these people as having
gotten lyme, though they may have had every symptom. Does this make sense when lyme is a
clinical diagnosis? And, perhaps this tells us something about people who don't develop a rash, or
detectable antibodies. Perhaps thie vaccine is altering the natural presentation of the disease. These
unimpressive rates are only achieved after the third shot, now schedulled a year after the first shot is
taken. Accelerated dosing schedules are in trials, but reliable data has not been reported. (See tables
1 and 2).

It is interesting to note that the Smith Kline study did prove that lyme disease is hyperendemic, and
seriously underreported. Vaccine recipients live(d) in endemic areas. The group receiving vaccines
and placebos showed per capita infection rates in the study exceeding 1000 per 100,000, both in
year 1 and year 2, even following vaccination!

Another interesting tidbit arose from the study. While the data has not been published it has been
presented showing that 35-40% of people in both the Smith Kline study and the Connaught study
who developed lyme disease with confirmation by PCR testing and/or culture, were negative by
conventional serologic antibody testing. In addition, there is obviously an additional percentage of
people without any laboratory evidence of lyme disease, who contracted the disease—given the
problems with all lyme testing, a known population of seronegative patients, and the fact that the
diagnosis of lyme is ultimately a clinical one given the unreliability of the testing.

B. EFFICACY ONLY ACHIEVED AFTER 3 SHOTS:

After only 2 shots the efficacy rates are even less impressive, 57% in preventing "definite" and
"asymptomatic” lyme disease. If you include the category of "possible” lyme disease the overall
efficacy rate is only 46%. If you include the category of "unconfirmed" lyme disease, in which the
vaccine has negative efficacy, or some percentage of those cases, the efficagy rates are even lower
than that. So after shot 1 and shot 2 and before getting shot 3 the benefits of the vaccine are
especially dubious, especially when weighed against safety concerns. Until the third shot then,
currently schedulled a year later, efficacy is unimpressive, dubious at best. After the third shot
efficacy rates improve, however, protective antibodies begin to diminish quickly and we know that a
year after shot 3 (whenever given—even on accelerated schedule) they have fallen to close to where
they are after 2 shots, to unimpresive levels of protection. (See table 2).

C. DURATION OF PROTECTION UNCERTAIN/LIMITED:

We know that the protection conferred after 3 shots does not last, and Smith Kline has reported that
protective antibody levels drop to the level achieved after 2 shots in less than a year after the third
shot. So whatever protection is conferred, diminishes quickly. So additonal booster shots will
definitely be needed, but the safety, efficacy and timing of such shots has not been studied, tested or
approved so safety and efficacy of additional shots, which is of concern (additonal shots may
trigger problems, aggravate problems from previous shots). No FDA approval has been sought or
obtained for additonal shots. Data is being reported anecdotally only by Smith Kline. They may not
seek FDA approval for boosters, instead relying on doctor's right to use approved medications for
"off label," (unapproved) uses. '

D. BOOSTERS WILL BE NEEDED/SAFETY/EFFICACY/TIMING NOT STUDIED/NOT
APPROVED BY FDA:

As stated above, additional booster shots will be necessary following the 3rd shot. We do not know
the optimal timing, safety or efficacy of such shots, and such shots have not been approved by the
FDA. Safety and efficacy issues remain, and are potentially more dramatic than the same issues
after 3 shots only. Safety concerns include additional boosters causing, aggravating problems
caused by the first 3 shots and perhaps remaining undetected. A third booster could overwhelm the
immune system, or overcome tolerances to side effects that lasted through the first 3 shots. Nor do
we know whether additional boosters will provide the same level of protection as the 3rd shot does.
Why, knowing that boosters would be needed, did Smith Kline seek approval based on studies that
did not address these issues? Perhaps they are aware of problems, frightened by what formal data
may show? The unanswered questions abound.
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E. VACCINE DOES NOT PROTECT AGAINST ALL STRAINS OF LYME:

Lyme disease, caused by the bacteria Borrelia Burdorferi, has exhibited genetic variations, known as
strains. While there are three major strains of lyme disease found in the world, there are substrains
by the bundreds. Limited research has been done but strain variation has been associated with
variant symptomatic presentation. In the United States where one major strain is found, almost 300
variant substrains have been identified. Smith Kline states that the vaccine has not showed
substantial variability in efficacy against strains tested. How many strains have they tested? What
safety issues are involved with variant strains and the vaccine? Connaught, which is developing a
recombinant OSPa vaccine, similar to that which Smith Kline is marketing, has recently entered into
an agreement with Medimmune to co-develop a vaccine based upon DbPa, to address the problems
of strain variation. The reports from MedImmune indicate that OSPa is not protective against many
"wild" strains found in the field. It is thought that DbPa may protect against most/all strains.
Whether this is true or not, it is clear that OSPa is problematic in this regard. Alsco, Smith Kline and
Pasteur Meriux Connaugt (PMC) were in a race to market with their OSPa vaccines for several
years. One has to wonder why Connaught has not sought final approval for their OSPa vaccine?
The studies have been finished for a long time. No new data is being collected in trials. Has PMC
abandoned their OSPa vaccine because of safety and efficacy issues, not to mention lawsuits
arising out of the trials? Does the deal between PMC and MedImmune indicate that PMC
recognizes that OSPa vaccine is a failure (although maybe a good first step in developing a vaccine
that will be safe and effective in the future).

F. VACCINE NOT EFFECTIVE IN PEOPLE > 70 YEARS OF AGE:

Older people were included in the study but the vaccine proved to be less effective in them than
15-69 years old so the vaccine was not approved for use in this age group. It is uncertain why this
variant result occurred.

G. EFFICACY RATES MAY HAVE BEEN INFLATED BY AWARENESS:

Those who participated in the trials were obviously aware of, and concerned about lyme disease (or
they wouldn't have volunteered for the trials—they were not paid). Part of the study design called for
vaccine recipient education—thus these people may have taken more precautions than the ordinary
person, thus lowering infection rates overall. H. WERE ADVERSE EVENTS FAIRLY
REPORTED/DOCUMENTED: Both the Smith Kline and Connaught trials resulted in the filing of
a number of lawsuits. One of those suits alleged, among other things, that adverse events were not
promptly and honestly reported to the FDA. Anecdotally, many participants who developed illness
reported that the doctors involved in the studies were dismissive of their complaints, rather than
thorough in evaluating the question of whether an event was rejated or unrelated to vaccination.

II. SAFETY ISSUES:

A. PEOPLE WITH A PRIOR HISTORY OF LYME MAY BE AT RISK:

This may be the most serious safety issue associated with the vaccine. The target group for this
vaccine is people who live in endemic areas. We know that these areas feature high incidences of
infection, including "asymptomatic" infection, undiagnosed infection, and misdiagnosed infection.
It is impossible because of the unreliability of laboratory testing to screen candidates for the vaccine
for lyme disease effectively. People with a recent history of lyme were excluded from the study.
People with a more remote history of simple infection were included, but comprised only a smali
percentage of people in the study ( total of 11% self-reported prior history--only 2% with serologic
evidence for their prior lyme). These people were not studied as a seperate high risk group but the
Smith Kline study does admit that people with a prior history of lyme did suffer from a higher
incidence of adverse effects from the vaccine. These side effects were greater in number following
the 2nd and then the 3rd shot. What the effect of additional booster shots will be is unknown.
Analytically it is obvious that the study design, and data reported, deliberately glossed over this vital
safety issue.

B. VACCINE NOT SAFE FOR CERTAIN TISSUE TYPES:
Two tissue types, HLA DR2 and HLLA DR 4 have been specifically associated with a risk for
chronic, destructive arthritic symptoms caused by lyme. These seem to be unresponsive to
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"adequate" antibiotic treatment, even when initiated promptly. It is theorized that this is due to an
autoiimune mechanism, triggered by the infection, and likely because of molecular mimicry--the
bacteria shares certain genetic traits with our own tisse; antibodies formed to attack the bacteria,
attack our tissue. Similar associations have been made with a smaller percentage of people with
other tissue types as well. Recently a specific mechansim for this autommunity has been proposed,
and documented, for people with the tissue type HLLA DR4. There is a link between OSPa and this
mechanism and it is feared that OSPa vaccination may trigger this process, even in the absence of
bacterial infection. OSPa vaccination in animals has triggered severe destructive lyme arthritis.
Studies of other tissue types relative to this concern have not been performed. Dr. Steere, principal
investigator for the vaccine has expressed "concern” over this general issue. Additional booster
shots may exacerbate the problem. The vaccine was approved without even a wamning concerning
this issue, and without instructions to screen candidates for tissue type and not vaccinate people
with affected tissue types. Other tissue types may be at similar, or lesser risk—this is unknown. A
number of lawsuits were filed against both Smith Kline and Connaught during the trials claiming
adverse events. However, the study reports no such adverse events. What happened to those
people? Anecdotal reports have been received about such events, and some are reported in the Lyme
Alliance News Letter. Other information may be found on the Lymenet web site. If such incidents
occur, report them there, and, even more important, make sure they are reported the the FDA
Vaccine Adverse Events Reporting System (VAERS).

C.PEOPLE WITH OTHER HEALTH CONDITIONS MAY BE AT RISK:

People with health conditions including arthrtitic condtions, muscoloskeletal disorders, certain
cardiac problems, neurologic problems, immunodeficiencies, a history of alcohol or drug abuse, and
those receiving long term antibiotic treatment for any illness, along with those with hypersensitivity
reactions to previous vaccinations were excluded from the study. So were those who had received
treatment for lyme disease within three months of the study. Pregnant mothers were also excluded.
Thus, the safety and efficacy of the vaccine in these groups has never been studied, and the vaccine
cannot be said to be safe for them.

D. VACCINE NOT APPROVED FOR CHILDREN Children were not included in the
original study and the vaccine has not been approved for use in children. Trials involving children
are under way now. I would not permit a child of mine to participate.

E. VACCINE NOT EFFECTIVE IN PEOPLE > 70 YEARS OF AGE:

Older people were included in the study but the vaccine proved to be less effective in them than
15-69 years old so the vaccine was not approved for use in this age group. It is uncertain why this
variant result occurred.

F. SHORT TERM FOLLOW UP/LIMITED STUDY:

Another serious issue involving study design is the short term follow-up of the study. Vaccinees
were only followed during the study and then for less than a year afterwards. Thus, any mid to long
term consequences of the vaccine, problems that might not be detected within the time frame of the
study, could not have been recognized. Furthermore, while 11000 people were involved in the study,
only half received the vaccine. It is very possible that adverse effects from the vaccine in the broader
population might not have been detected. Remember that a serious adverse event that occurs to 1 in
1000 people sounds insignificant. However that figure translates into 1000 people in 1,000,000.
Now it sounds more significant. One final note, the lack of long term follow up is of great concern
in a disease that may become latent and then reemerge later as lyme is known to do.

II1. OTHER ISSUES/CONCERNS:

A. VACCINE DOESN'T PROTECT AGAINST ALLCASES OR OTHER TICKBORNE
DISORDERS/DON'T ABANDON OTHER PROTECTIVE MEASURES OR GET A
FALSE SENSE OF SECURITY: -

Since the vaccine does not protect against all strains of the vaccine, or 100% of recipients, and since
protective levels are lower following shots 1 and 2, nor does the vaccine protect against Babesiosis,
Ehrlichiosis, Rocky Mountain Spotted Fever, Tick Born Encephalitis, or a variety of other less
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common tickborne diorders spread by the bite of the same tick, it is vital that people in endemic
areas not lower their vigilance with regard to other protective measures (i.e., property management,
proper attire, personal repellents, and tick checks). A false sense of security could lead to serious
consequences. These facts should be carefully explained to all vaccine recipients.

B. VACCINATION WILL CONFUSE ALREADY PROBLEMATIC TESTS MAKING
DIAGNOSIS EVEN MORE DIFFICULT:

Because the vaccine itself will cause certan antibodies to be produced, the appearance of these
antibodies will confuse existing testing geared to those antibodies—the tests will not be able to
distinguish between antibodies caused by vaccination as opposed to those caused by infection.
Rather than question people tested for lyme as to whether they have recieved the vaccine, the tests
have been reconfigured to discount certain significant and unique antibody responses. Thus,
already reliable testing has been rendered even less reliable—and this affects both those who recieve
the vaccine, and those who don't. Diagnosis will be even more difficult, and people put at greater
risk for a delay that worsens the prognosis for treatment. Prompt diagnosis and early treatment for
proper duration, at proper dosage is essential in preventing sequelae of the disease. This will be
more difficult now than it has been. Further, as mentioned above, a large number of patients in the
vaccine trials developed illnesses that could not be confirmed as lyme. Perhaps this means that the
vaccine alters the natural presentation of the disease, and perhaps the natural course of infection.
We simply do not know without extensive additional study.

C. FDA/MEDICAL COMMUNITY HAS RESERVATIONS ABOUT LYMER:ix:

The vaccine was approved with a record number of reservations by the FDA and the approval came
in record time, and in an atmosphere of pressure on the FDA to generally speed up their drug
approval process. This atmosphere has been created by disease advocacy groups exerting political
pressure, in particular , HIV/AIDS patients. Unfortunately, while HTIV/AIDS patients have received
new drugs in record time, the pressure has been applied across the board and numerous drugs have
been approved but then pulled from the market recently due to safety issues.

IV. THE BOTTOM LINE:

Given all of the above it is apparent that the approval of the vaccine was premature. Dr. Steere,
principal investigator for the vaccine, has expressed concern over its long and short term safety. The
FDA approval came with a unique number of reservations and concerns. Other researchers have
simply stated that this vaccine is not safe for human beings. Vaccines given to dogs have tumed out
to have previously undetected long term consequences, and have never been particularly effective.
Dr. Steere himself has declined to receive his own vaccine. The vaccine is expensive ($60-80 per
dose, with three doses needed in the first year or earlier, and boosters needed but no one knows
when, or how often).

Study design glossed over the biggest safety issues with the vaccine. Anecdotal reports of adverse
events are flowing in, but have been denied by Smith Kline, as they were during the trials, despite
the fact that several ended up in litigation. All of the above data is based upon Smith Kline's own
studies--there may be reason to doubt the accuracy of this data, especially because the integrity of
many of the researchers has been questioned, and their aptitude for diagnosing lyme disease is a
matter of some debate amongst patients and clinicians. There are at least two schools of thought
when it comes to lyme disease issues; it is fair to say that the researchers involved represented only
one school of those schools.

If there were a safe and effective vaccine, lyme advocates would be wholeheartedly endorsing this as
an additional tool to add to the arsenal of protective measures available to guard against, or
minimize the risk of contracting a potentially devastating illness. These advocates have no vested
interest in preventing a good vaccine from getting to market. Smith Kline does have a vested interest
in marketing the vaccine in which they have invested millions of dollars.

The dubious benefits conferred by vaccination with LYMErix are far outweighed by the known
safety issues, and the many unanswered questions.
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Tabie I.
Case De mtwns ‘or Lyme Dtsease

S T E B R

& |Definite Lyme Disease
B |Any of the following clinical manifestations observed by the investigator
i {and at least one confirmatory laboratory test. In subjects with erythema
& !migrans, a photograph of the lesion was also required.
Clinical manifestations
Erythema migrans (an expanding red skin lesion, often with
partial central clearing)
Neurologic manifestations (meningitis, cranial neuritis)
Musculoskeletal manifestations (with objective evidence of joint {§§
swelling in one or a few joints)
Cardiovascular manifestations (atrioventricular block)
Laboratory confirmation
Positive culture for B.burgdorferi from skin-biopsy sample
Positive PCR result for B.burgdorferi DNA from skin-biopsy
sample, cerobrospinal fluid or joint fluid. S
Seroconversion on Western blotting (defined as a negative result
followed by a positive result)
Positive IgM blot—at least 2 of the following 3 IgM i
bands: 23kd (outer-surface protein C), 39kd, and 41 kd. ||
Positive 1gG blot--at least 5 of the following 101G | M
bands: 18, 23, 28, 30, 39, 41, 45, 58, 66, and 93 kd

Laboratory-confirmed asymptomatic B. burgdorferi infection

No symptoms .
1gG seroconversion on Western blotting between month 2 and |
month 12 in the first year or between month 12 and month 20 in}§
the second year

Possible Lyme disease

Influenza-like illness--fever, fatigue, headache, chills, muscle
aches, mild stiff neck or backache without cough, coryza,
diarrhea or vomiting-- with IgM or 1gG seroconverion on
Western blotting

Physician-diagnosed erythema migrans lesions >Scm without
laboratory confirmation

® (Unconfirmed Lyme disease

All suspected cases that could not be confirmed
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< : ,E i i idenotes
Uponfirmed 515 [/ 9.42 [ 468 [/ 8.56 if 0.12 {339 {16.20 326 § 596 | 0.61 95%
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® Tables 1 & 2 are taken from Steere, et al. Vaccination against Lyme Disease with Recombinant
Borrelia burgdorferi Outer-Surface Lipoprotein A with Adjuvant [Original Articles] N Engl J Med
1998 Jul 23;339(4):209-215

® These tables are modified for the web. Errors are my own.
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OspA Induces Lyme Arthritis In Hamsters

Cindy L. Croke, Erik L. Munson, Steven D. Lovrich, John A. Christoperson, Monica Remington,
Steven M. Callister, and Ronald F. Schell. Wisconsin State Laboratory of Hygiene and
Departments of Medical Microbiology and Immunology and Bacteriology, University of
Wisconsin, Madison and Microbiology Research Laboratory, Gunderson Medical Foundation, La
Crosse, Wisconsin

Recently we presented evidence that adverse effects, particularly severe destructive Lyme Arthritis
(SLDA) can develop in vaccinated hamsters after challenge with Borellia Burgdorferi sensu lato
isolates. Hamsters were vaccinatee with whole-cell preparations of inactivated B. Burgdorferi sensu
stricto isolates in alum. SDL.A was readily evoked in vaccinated hamsters after challenge with
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homologens or other B. Burgdorferi isolates. Arthritis was evoked before high levels of protective
borreliacidal antibody developed or after the levels of protective antibody declined. We now show
that vaccination with recombinant OspA, the vaccine against Lyme disease, can also induce SDLA.
Hamsters were vaccinated withe 30, 60, or 120 mg or recombinant Osp A or an Osp A vaccine for
dogs. Eleven days after vaccination with the recombinant Osp A, vaccinated hamsters were
challenged in the hind paws with 10 (to the 6th power) B. Burgdorferi isolates 297 or C-1-11.
Swelling was detected 7 days after infection, peaked on day 11 and gradually decreased. In
addition, histologic evidence or erosive and destructive arthritis was demonstrated in the hind paws
of Osp A vaccinated hamsters challenged with B. Burgodrferi. These findings demonstrate that
vaccination with Osp A can induce adverse effects. Vaccination of humans with OspA should not
be reccomended until the vaccine has been shown to be incapable of inducing SDLA.
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